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(71) We, The Upjohn Company, a 
corporation organized and existing under the 
laws of the State of Delaware, United States 
of America, of 301 Henrietta Street, Kalama- 
zoo, State of Michigan, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to novel compounds 
havmg prostaglandin F/8-type biological pro- 
perties and to inethods for producing them. 
In particular this invention relates to novel 
compounds of tiie formula: — 



a OS. 

II 

wherein Ri, R., and R, are as defined above, 
with the same proviso relative to R, and R3 
and p is 3 or 5, 

This invention also relates to novel com- 30 
pounds of the formula: 




I 

wherein Ri is hydrogen, alkyl of one to 8 
carbon atoms, inclusive, or a pharmacologic- 
ally acceptable cation, R, and Rj are hydrogen 

20 or alkanoyl of one to 8 carbon atoms, inclusive, 
with the proviso that when R; is alkanoyl, Rj 
is also alkanoyl, m is zero or 2, and Z is 
— CHjCH^— or cis— CH=CH— . 
This invention also relates to novel com- 

25 pounds of the formula: 

[Price 2Sp] 




III 

wherein p, R„ R,, and Ra are as defined 
above, with the same proviso relative to Rj 
and Rj. 35 

When Re and R3 in a compound of formula 
I, II, or III are both alkanoyl, those can be 
the same or different. 

Examples of alkyl of one to 8 cariion atoms 
are methyl, ethyl, propyl, butyl, pentyl, hexyl, 40 
heptyl, ocqr], and isomeric forms thereof. 

Examples of alkanoyl of one to 8 carbon 
atoms, inclusive, are formyl, acetyl, propionyl, 
butyryl, valeryl, hexanoyl, heptanoyl, octanoyi, 
and isomeric forms thereof. 45 

Pharmacologically acceptable cations v?ith- 
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in the scope of Ri in formulas I, II, and III 
are quaternary ammonium ions or the cauomc 
form f a metal, ammonia, or an amme. 
Especially preferred metal cauons are those 

5 derived from the alkali metals, e.g., 

sodium, and potassium, and from the aUcalme 
eanh metals, e.g„ magnesium and talaum. 
alihou^ cationic forms of other met^s, e.g., 
ahiminium, zinc and iron, are within tftc 

10 scope of this inventioa 

Pharmacologically acceptable amine cauons 
within the scope R, in formulas I, II, and 111 
are those derived from primary, secondary, or 
tertiary amines. Examples of suitable anunes 

15 are methylamine, dimethylamine, trimethyl- 
amine, ethylamine, dibutylamme, triisopro- 
pylamine, N-methylhexylamine, decj-laraine, 
dodecylamine, allylamine, crotylamme, cyclo- 
pentylamine, dicyclohexylamine, benzylamine, 

20 dibenzylamine, o-phenylethylamine, ^-phenyl- 
amine, ethyienediamine, and diethylenetri- 
amine, and like aUphatic, cydoahphauc, and 
araliphatic amines containing up to and includ- 
ing about 18 carbon atoms, as well as hewro- 

25 cyclic amines, e.g., piperidine, morpholme, 
pyrroUdine, piperazine, and lower-alkyl deriva- 
tives thereof, e.g,, 1-methyIpipcridmc, 4-ethy - 
morpholine, l-isopropylpyrroUdme, 2-methyl- 
pyrroUdine, l,4-dimethylpipera2ine, and /- 

30 methylpiperidine, as well as amines contain- 
ing water-solubilizing or hydrophilic groups, 
eg., mono-, di-, and triethanolaraine, ethyl- 
diethanolaraine, N-butylethanolamine, 2- 
amino - 1 - butanol, 2 - amino - 2 - ethyl - 

35 13 - propanediol, 2 - amino - 2 - methyl - 
1 - propanol, iiis(hydroxymethyl)amino- 
meihane, N-phenylethanolamine, N-(/>-ten- 
amylphenyI)diethanolamine, galactamme, N- 
methylgiucamine, N - mcihylglucosamine, 

40 ephedrine, phenylephrine, epmephnne, and 

^'^^ples of suitable pharmacologically 
acceptable quaternary ammomum cations with- 
in the scope of R, in formulas I, 11, and III 

45 are tetramethylammonium, tetraeihylammon- 
ium, benzyltrimeihylammonium, and phenyl- 
triethylammosium. , i tt ^ 

The novel compounds of formulas I, ll, ana 
ni are somewhat similar to certain of the 

50 known prostaglandins. The latter arc con- 
sidered to be derivatives of prosianoic acid 
which has the following structure : 



:OClB 





The known prostanoic acid derivative, prosta- 
55 glandin F.., (PGF=;,), has the following struc- 
ture. 



The compound of formula I wherein Ri, Ri* 
and Rs are hydrogen, and Z is — CHaCHa— , 
has the same structure as PGF-a except tiiat w 
this novel formula I compound has one less 
carbon atom in the hydroxy-contaimng side 
chain (.-nor) when m is zero, and one more 
carbon atom in the same chain ((«-homo) when 
m is 2. The other compounds encompassed by w 
formula I, i.e., when Z is ds— CH— CH--, 
are similarly related to the known prostanoic 
acid derivative PGF,^. The compound of 
formula 11 wherein R„ R« and R, are hydro- 
gen and p is 3 has one less carbon (—nor) than 
the known POFj^- The compound of formula 
III wherein R,. R« and R> are hydrogen has 
one less carbon atom (.■>-nor) than the known 
dihydro-PGF,« when p is 3, and one more 
carbon atom (>'>-homo) when p >s 5. 

These novel wnor and *-<homo PGr„ com- 
pounds of formula I, II. and III are extremely 
potent in causing various biological Pespeaises 
of the general type caused by the known PGh,, 
compounds. For that reason, these nove w 
formula I, II, and III compounds are useful 
for pharmacological purposes. Examples of 
those biological responses are pressor acuvity 
as measured, for example, in anesthetized 
(pentobarbital sodium) pentolinium-treated 
rats with indwelling aortic and right heart 
cannulas jstimulation of smooth muscle as 
shown, for example, by tests on strips of 
guinea pig ileum, rabbit duodenum, or gerbil 
colon; acuvity on die central nervous sysrem; w 
inhibition of gastric secretion as shown in dogs 
with secretion stimulated by food or hisamine 
infusion; decrease of blood platelet adhesive- 
ness as shown by platelet-to -glass adhesiveness, 
and inhibition of blood platelet aggregation » 
and dirombus formation induced by various 
physical stimuli, e.g., arterial >wy, ana 
various biochemical stimuh, e.g., AUV, Air, 
serotonin, riirombin, and collagen. 

Because of these biological responses, these iw 
novel formula I,. II, and III prostaglandins 
are useful to study, prevent, control, or alle- 
viate a wide variety of diseases and undesir- 
able physiological conditions in birds and 
mammals, including humans, useful domestic iw 
animals, pets, and zoological specimens, and 
in laboratory animals, for example, mice, rats, 
rabbits, and monkeys. , r tt 

For example, these novel formula I, II. 
and III compounds arc useful in place ot liu 
oxytocin to induce labor in pregnant anunals, 
including man, cows, sheep, and pigs, at or 
near term, or in pregnant animals with intra- 
uterine death of the fetus from about 20 weeks 
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to term. For diis purpose, the ajmpound is 
preferably infused intravenously at a dose 0.01 
to 50 fig. per kg, of body weight per minute 
imtil or near die termination of the second 
5 stage of labor^ i.e.j ezpidsion of the fetus. 
These compounds are especially useful when 
the female is one or more weeks post-mature 
and natural labor has not started, or 12 to 
60 hours after the membranes have ruptured 

10 and natural labor has not yet started. 

The novel formula I, II, and III compounds 
of this invention are use:^ in mammals, in- 
cluding man, as nasal decon^stants. For this 
purpose, the compounds are use! in a dose 

15 range of 10 to 10 mg. per ml of a pharma- 
cologically suitable liquid vehicle or as an 
aerosol spray, both for topical application. 

The novel formula I, II, and III com- 
pounds not only are potent in causing smooth 

20 muscle stimulation, but also are highly active 
in poKntiating other kaown smooth muscle 
stimulators, for example, oxj^ocin, vasopressin, 
and the various ergot alkaloids including 
derivatives and analogs thereof. For this rea- 

25 son, these novel compounds are useful in place 
of or in combination with less than the usual 
amounts of these known smooth muscle stimu- 
lators, for example, to relieve the symptoms 
of parage ileus, to control or prevent amnic 

30 uterine bleeding after abwtion or delivery, to 
aid in the expulsion of die placenta, and dur- 
ing the puerperium. For these purposes, diese 
novel formula I, II, and III compounds are 
pefCTably first administered by intravenous 

35 infusion at a dose in the range 0.01 to 50 
/ig. per kg. of body weight per minute imtil 
the desired effect is obuined. Subsequent doses 
are given by iutrvenous, subcutaneous, or 
intramuscular injection on infusion in the 

40 range 0.01 to 2 mg. per kg. of body weight 
per day. 

These novel formula I, II, and III com- 
potmds are also useful for controlling the re- 
productive cycle in ovulating female mammals, 

45 including humans and animals such as mon- 
keys, rats, rabbits, dogs, and cattle. For that 
piffpose, the compounds are administered 
systemically at a dose level in the range 0.0 1 
mg. to 20 mg. per kg. of body weight of die 

SO female manmial, advantageously during a span 
of time starting approximate^ at the time of 
ovulation and ei^ing approximately at the 
time of menses or just prior to menses, thus 
insuring a non-pregnant cycle notwithstanding 

55 ovulation and contaa widi a fertile male. 
These novel formula I, II, and III com- 
pounds are useful as hypotensive agents to 
reduce blood pressure in mammals, including 
man. For this purpose, the ojmpoimds are 

60 preferably administered by intravenous infu- 
sion at the rate 0.01 to about 50 ^^g. per kg. 
of body weight per minute, or in single or 
multiple doses of 25 to 500 fig. per kg. of 
body weight total per day. 

65 These novel formula I, II, and III com- 



pounds are useful in mammal^ including man 
and oercam useful animals, e.g., dogs and pigs, 
to reduce and control excessive gastric secre- 
tion, tbereby reducing or avoidhig gastrointes- 
tinal ulcer formation, and accelerating the 70 
healing of such ulcers already present m the 
gastrointestinal tract For diis purpose, the 
compounds are injected or infused intra- 
venously, subcutaneously, or intramuscularly 
in an infusion dose range 0.1 fig. to 50 jug. 75 
per kg. of body weight per minute, or in a 
total daily dose by injection or infusion in the 
range 0.1 to 20 mg. per kg. of body weight 
per day. 

These novel formula I, II, and in com- 80 
pounds are useful whenever it is desired to 
inhibit platelet aggregation, to reduce the 
adhesive character of platelets, and to remove 
or prevent the formation of thrombi in mam- 
mals, including man, rabbits, and rats.' For 85 
example, these compoirads are xiseful in the 
treatment and prevention of myocardial in- 
farcts, to treat and prevent post-operative 
thrombosis, to promote patency of vascular 
grafts foUowing surgery, and to treat condi- 90 
tions such as atherosclerosis, arteriosclerosis, 
blood clotting defects due to lipemia, and 
other clinical conditions m which the under- 
lying etiology is associated with lipid im- 
balance or hyper-lipidemia. For these pur- 95 
poses, these compounds are administered 
systemically, e,g., intravenously, subcutane- 
ously, intramusn^ly, and in the form of 
sterile implants for prolonged action. For rapid 
response, especially in emergency situations, 100 
the intravenous route of administration is pre- 
ferred. Doses in the range 0.005 to 20 mg. 
per kg. of body weigjit per day are prefer- 
red. 

These novel formula I, II, and III com- 105 
pounds are especially useful as additives to 
blood, blood products, blood substimtes, and 
other flm'ds which are used in artificial extra- 
corporeal circulation and perfusion of isolated 
body portions, e.g., limbs and organs, whether 110 
attached to the original body, detached and 
being preserved or prepared for transplant, 
or attached to a new body. During these circu- 
lations and perfusions, aggregated platelets 
tend to block the blood vessels and portions of 115 
the circulation apparatus. This blocking is 
avoided by the presence of these compounds. 
For diis purpose, die compound is added 
gradually or in single or multiple portions to 
the circulating blood, to the blood of the 120 
donor animal, to the perfused body portion, 
attadied or detached, to the recipient or to 
two or all of those at a total steady state dose 
of .001 to 10 mg. per liter of circulating fluid. 
It is especially useful to use these compounds 125 
in laboratory animals, e.g., cats, dogs, rab- 
bits, monkeys, and rats, for these purposes in 
order to develop new methods and tedmiques 
for organ and Umb tran^lants. 

These novel formula I, 11, and III com- 130 



pounds and also the other known PGF., com- 
pounds increase ihe flow of blood in the mam- 
malian kidney, thereby incrcasiog volume and 
electrolyte content of the urine. Therefore, 
5 these compounds are useful in managing cases 
of renal disfunction, espcdaliy those involving 
blockage of the renal vascular bed. I ustra- 
tively, the compounds arc useful to alleviate 
and correct cases of edema resulting, for 

10 example, from massive surface bums, and in 
the management of shock. For these purposes, 
the compounds arc preferably first adininis- 
tered by intravenous injection at a dose m the 
range 10 to 1000 ,"g. per kg. of body weight 

15 or by intravenous infusion at a dose in the 
range 0.1 to 20 "g. per kg. of body weight 
per minute until the desired effect is obtained. 
Subsequent doses arc given by intravenous, 
intramuscular, or subcutaneous injection or 

20 infusion in the range 0.05 to 2 mg. per kg. of 
body weight per day. . . 

In spite of the apparent sunitarities oi struc- 
ture between the novel compounds of formulas 
I- II, and III, and the known PGF., com- 

25 pounds, i.e., dihydro-PGF,,, PGFk,, PGF.., 
and PGF:,;, die novel formula I, II, and lU 
compounds are surprisingly and quite un- 
expectedly more useful for one or more of 
the above iiustrative purposes than the known 

30 PGF;, compounds. The known PGF„. com- 
pounds uniformly cause multiple responses even 
at low doses. For example, PGF,, causes 
smooth muscle stimulation and a blood pres- 
sure decrease at the same time that it aas to 

35 increase nasal patency. In striking contrast, 
the novel formula I, II, and III compounds 
each are more specific in causing PGF,,-type 
biological responses. Each of these novel com- 
pounds is therefore surprisingly and un- 

40 expectcdly more useful for the pharmacologi- 
cal purposes indicated above because each 
has a different and narrower spectrum of bio- 
logical activity than the natural PGF„ com- 
pounds, causing smaller and fewer undesired 

45 side effects rfian the natural compounds. 

For the above purposes, the novel formula 
I, II, and III compounds of this invention arc 
administered in various ways. For example, 
as mentioned above, topical administration is 

50 the preferred route when the compound is 
used to promote nasal patency in cases of 
nasal congestion. S.N-siemic admmistration, 
eg, intravenous, subcutaneous, muamuscular. 
oral, rectal, vaginal, buccal, sublingual, and 

55 as sterile implants for prolonged action, arc 
preferred for the other pharmacological pur- 
poses mentioned above. 

For intravenous injection or infusion, sterile 
aqueous isotonic solutions are preferred. For 

60 that purpose, it is preferred because of in- 
creased water solubility that R, m the formula 
I II, or III compound by hydrogen or a 
pharmacologically acceptable caiioti. For sub- 
cutaneous or intramuscular mjection, sterile 

65 solutions or suspensions of the acid salt, or 



ester form in aqueous or non-aqueous media 
arc used. Tablets, capsules, and liquid pre- 
parations such as syrups, elixirs, and simple 
Solutions, with the usual pharmaceuu^l car- 
Tiers, arc used for oral, buccal, or sublmgual 70 
administration. For rectal or vaginal aam™s- 
tration, suppositories or powders prepared as 
known in the art are used. For nssue miplants, 
a sierUe ublet or silicone rubber capsule con- 
taining the substance is used. . f „ 
According to the present invention therefore 
these is also provided a therapeutic composi- 
tion comprising as the active ingredient one 
of the novel compounds of the invention to- 
gether with a pharmaccutically acceptable car- »U 
rier. 

The novel compounds of formula I 
prepared by reducing the carbonyl group of the 
corresponding compounds of the formula: 



H H 




CH, 



a 



B-,0 



/ 'n:-ch,-z-Cck2.V-ch, 

U OR- VI 



Similarly, the novel compounds of formula 
11 are prepared by reducing the carbonyl 
group of the corresponding compounds of the 
formula : 



Similarh-, the novel compounds of formula 
III arc' prepared by reducing the carbonyl 
group of the corresponding compounds of the 
formula : 




In formulas VI, VII, and VIII, R., R., m, p, 
and Z are as defined above, and R« is hydro- 
gen or alkyl of one to 8 carbon atoms, inclu- 
sive. 



85 



90 



95 



These fonnula ^^BlI, and VIII ketone 
intermediates are eSfmi in the art or are 

prepared by. methods known in the art. See 
Beerthuis ct al, Rec. Trav. Chim. 87, 461 
5 (1968) for the compounds of fonnula YL 
wherein R; and Ri are hydrogen, m is zero or 
2, and Z is — CHaCHs — , and for the com- 
pound of fonnula VII wherein and R* are 
hydrogen. 

10 The formula VI compounds n^erein and 
R, are hydrogen, m is zero or 2, and Z is 
cis— CH=CH— , are prepared from 5,8,11, 
14,17-nonadecapentaenoic acid (m=0) and 
5,8,11,14,17 - heneicosapeniaenoic acid ^m= 

15 2) as described by Struijk et al., Rec. Trav. 
Chim. 85, 1233 (1966), for the producdon of 
PGEs from 5,8,11,14,17 - eicosapemaenoic 
acid. These C-19 and C-21 pentaenoic acids 
are prepared by saponification of the corres- 

20 ponding methyl esters which are prepared as 
described by the combination of Van der Steen 
et al., Rec. Trav. Chim. 82, 1015 (1963; and 
Pabon et al., Rec. Trav. Chim. 84, 1319 
(1965), using in place of the inirial reactant 

25 of Pabon et al., i.e., l-bromo-2-pcntj'ne, 1- 
bromo-2-butyne (C-19) and l-bromo-2-hcxyne 
(C-21), The latter two reactants are prepared 
from the coresponding known acetylenic alco- 
hols by reaction with PBrc. 

30 The fonnula VIII compound wherein R; 
and R, arc hydrogen is prepared by reduction 
of the carbon-carbon double bonds of any of 
the formula VI compoimds wherein R, and 
Ri are hydrogen, and Z is — CH,CH...~ or 

35 cis— CH=CH— . Altemauvely, reduction of 
the carbon-carbon double bond of the formula 
VII compound wherein R« and R, are hydro- 
gen leads to the corresponding formula VIII 
compound wherein Rj and R, are hydrogen 

40 and p is 3. An alternative method for produc- 
ing the formula VIII compound wherein Rj 
and R, are hydrogen, and p is 5, is reduaion 
of the carbon-carbon double bond of "-homo- 
PGE„ a known compound. See Beerthuis ct 

45 al., cited above. 

The novel formula I, formula II, and 
formula III compounds of this invention 
wherein R, is alkyl are prepared by carbonyl 
reduction of the corresponding alkyl esters of 

50 the formula VI, VII, or VIII ketone inter- 
mediates. These alkyl esters are prepared by 
esterification of the concsponding formula VI, 
VII, or VIII ketone intermediates wherein R, 
is hydrogen. Alternatively, the formula I, II, 

55 or III alkyl esters are prepared by estertfica- 
tion of the corresponding formula I, II, or 
in acids, i.e., wherein Ri is hydrogen. 

The novel formula I, formula II, and 
formula III compounds of this invention 

60 wherein Ri is a pharmacologically acceptable 
cation arc preferably prepared by transforma- 
don of the corresponding formula I, II, or III 
fres acid (Ru— H) to desired salt. 
The novel formula I, formula II, and 

65 fiirmub III compounds of this invention 
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wherein bodi ^^Bkanoyl are prepared 
by carbonyl reducti^r the corzesponding 
alkanoyl derivatives of the fcnmula VI, VII, 
or VIII ketone intermediates v^erein both 
Ra are alkanoyl- This produces a formula I, 70 
II, or ni dialkanoyl compound wherein R3 
is hydrogen. These dialkanoyl formula VI, 
VTI, and VIII ketone intermediates are pre- 
pared by acylation of the corresponding 
formula VI, VII, or VIII ketone mtermediate 75 
wherein both Ra are hydrogen. 

When it is d^ired that Rj in the novel 
fonnula I, formula II, or formula III com- 
pounds of this invention be alkanoyl, the 
formula I, 11, or III compound wherein R3 80 
is hydrogen is acyiated. When both R;. in the 
formula I, II, or III compound are alkanoyl, 
the R- alkanoyl introduced can be the same 
ore different as the R; alkanoyls. When both 
Ri in the formula I, II, or III compound arc 85 
hydrogen, acylation changes all three hjrdroxy 
groups to the same alkanoyloxy group. 

In a formula I, fonnula II, or formula III 
compound, when R^ is to be alkyl and R, 
and/or R~ are to be alkanoyl, either or both 90 
the alkyl and the alkanoyls are added before or 
after the caibonyl reduction of the formula 
VI, VII, or VIII ketone intermediate. 

An alternative method for producing 
formula III compounds is reduction of the 95 
carbon-carbon double bonds of die correspond- 
ing formula I or II compound. 

Carbonyl reduction to produce the novel 
formula I, formula II, and formula III com- 
poimds of this invention wherein R- is hydro- 100 
gen is carried out by reaction the correspond- 
ing keto intermediates of formulas VI, VII, 
and VIII with any carbonyl reducing agent 
whidi does not react with ^e ester group or 
the carbon-carbon double bonds.. Examples of 105 
such reducing agents are sodiiun or potassium 
borohydride and Uthium aluminium (tri-tert- 
butoxy)hydride. 

These carbonyl reductions are carried out 
by methods known in the art for comparable no 
reductions of prostanoic add derivatives. See, 
for example, Bergstrom et aL, Acta Chem. 
Scand. 16, 969 (1962) and Anggard et aL, J. 
Biol. Chem. 239, 4101 (1964). Lo\ver alkanols, 
e.g., methanol and ethanol, are preferred as 115 
reaction solvents, althot^ other solvents, e.g., 
dioxane and diethylene glycol dimethyl ether 
are also used, especially in combination with 
the lower alkanol. 

Although 0.25 molecular equivalent of the 120 
borohydride or lithium alu minium (tri-tert- 
butoxy-hydride reducing agent is sufficient to 
reduce one molecular equivalent of the 
formula VI, formula VII, or formula Vin 
latone reactant, it is preferred K> use an 125 
excess (tf the reducing agent, preferably 1 
to IS molecular et^uivalents of reducing agent 
per molecular eqmvalent <rf die ketone reict- 
ant. It is preferred to add a solution or suspen- 
sion of the reducing agent to the ketone re- 130 



1^51,750 




actant a]thouVe reverse order can also for useful g<^^««'^'^^ 

fe^^ A rcS Kmpcratuie in the range ted acid or ^^T^cam is mi«d wdi a s^t 

to 50° Cis i^ualTSactory. At aboSt of azodiformic add, preferably an alloli mcral 

?s» fl thrd^S^S n is uLlIy com- salt such as the diso5iuni or dipotassium alt, 

^ nL^A 05 to f hoJ^ m com- in the presence of an inert dfluen^ prefer- 70 

SS c m«uS is S ^fXd to the ably a lower alkanol such ^J^^^ 

dSred pSii thc^ual mam«r by treat- ediand, and pitferably m the abs^^ sub- 

10 ^^^Thfd^^^ formula I, formula or SedX each molecular equivaleiit ctf the re- 75 

co^entio^ techniques; for example, evapora- red. preferably, with exclusion ^^^n, and 

S rf die reaction solvent and extraction of the mixmre is made aa^ «?^^.f °" 

^dSl aqueous mixture with a water- with a carbwyhc as a«oc aad^ 

15 SL^Sr s^yent, for example, diethyl When an acid deactant is used, that acid^ 80 

S EwporS of thehttersolientt^^^ serves to acidify an equivalent amount of tibe 

riv« th^^M product azodiformic add salt. A reacuon ttmperawe 

^ Th«e b^MridTor lidiimn alumim'um in the range 10° to 40' C is usually suitable. 

(tri-teSbu^&de reductions ci the Within that temperamre lunge, the rc^^^ 

20 fSmukWrnLlVm kern reactants each is usually complete within less than 24 hour^ 85 

Scl a miSiTof a beta-hydroxy com- TTie desW reduced product ^^^^J^^^^^ 

pSmd and an isomeric (epimeric) alpha- by conventiajal ^mediod^ "5°^^; 

hvLxy compound. The beta and alpha com- evaporation of the di ucnt, fd^owcrf 

of th«emixmres of isomeric hydroxy separation from morgamc materials b^^^ 

25 It^lnL are separated from each other by vent extracdoo. The product is purified, if 90 

methods known in the art for the separauon desired, as descnbed above, 
of analogous pairs of isomeric prostanoic Esterification of the formula I, H, or III 

acid derivatives. See, for example, Bergstrom ^^^^^ or any erf the other acid rcactauts is 

et al., cited above, Granstrom ct al., J. Biol, carried out by inieractioo of the acid with 

30 Chem. 240, 457 (1965), and Gr&n et al-, J. the appropriate diazohydrocarbon. For » 

Lipid Research 5, 117 (1964). Especially example, when diazomethane is used, the 

preferred as separation mediods arc partition methyl esters are produced. Similar use of 

chromatographic procedures, both normal and tjiazoelhane, diazobuiane, and l-diazo-2- 

rcversed phase, thin layer chromatography, ethylhexane, for example, gives the cihyl, 

35 and countercurcnt distribution procedures. butyl, and 2-ethylhexyl esters, respectively. 100 
Catalytic hydrogenation or diimide are Esterification with diazohydrocarbons is 
used to reduce carbon-carbon double bonds m . ^^^^^ g solution of the diazo- 

the various unsaturated intermediates used to hydrocarbon In a suitable inert solvent, pre- 

produce formula m compounds. ferablv diethyl ether, with the acid reactant, 

40 For catalytic hydrogenaDon. palladium ^^^^„co^y in the same or a different 105 

catalysts, especially on a carbrai earner, are .^^^ diJucnt. After the esterification reaction 

preferred. It is also preferred that the hydro- . ^^nj-igte ^he solvent is removed by 
genation be carried out in the presence of an the ester purified if desu-ed 

inert liquid diluent, for example, medianol. t,y conventional methods, preferably by 

45 eihanol. dioxane, and ?"»3^^_a«^«- "Jf^' chromatography. It is preferred that contact 110 

genation pressures rangmg from atmosptienc ^ reactanis with the diazohydro- 

10 50 pjii.. and hydrtfflmaDon tempenitures ^ ^^^^ ^ necessary to effect 

ranging from 10 to 100 C a« prcterrea. esterification, preferably one to 

The reduced formula m aad or ester is niinutcs, to avoid undesired molecular 

50 isolated from the hydrogeiation reacuon mix- Diazohydrocarbons are known in 115 

turc by conventional methods, for example, ^ prepared by methods known in 

removal of the catalyst by filtraaon or «niTi- . ^ example. Organic Reactions, 

purificaaon of the ptosaglandins, compnses mnsforma .on of 4e f™J=f » 

T''''^"°!S!\S,i'o^ Ae proce- Ei^pte of suitable iodides are methyl 

^ A ^°H;Sd^^Tam^°a^L^. Mide, cd>yl iodide, bu^l iodide, isobutyl 125 

g^lS mItS "u^S« also iodide! and'«it*utyl iodide. Tie sDver salts 

StS'etll' -T-opte n O^c Chemistry," art: prepared by omventiotHl .""thods, for 

E ■ u i.',Ki- hSr rvm^ew York pd otample, by dissolving the aad in cold dilute 

65 KM0^3t^S2^nc«"itS^4e,S'.; aque^' Imoma, Ivaporating the excess 
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, ^^Btre, and then adding 
aamt of silver nitrate. 



amonia at reduced 

the stoic^ranetric 

C^rboi^cylaticHi of the hydrosy moieties 
in the keto reactants or in the formula I, U, 

5 or in bydrosy coinpounds is acccunplished by 
interacticm of ^e hydiozy compound with a 
carboxyacylating agemt, preferably the an- 
hydride of an aJkanoic acid ctf one to 8 car- 
bon atoms, inclusive. For example, tise of 

10 acetic anhydride gives tlw corresponding di- 
aceiate. Similar use of propi<mic anhydride 
isobutyric anhydride, and horanoic add an- 
hydride gives the correspondhig carboxy- 
acylates. 

15 The carboxyacylation is advantageously 
carried out by mixmg the hydroxy compound 
and the add anhydride, preferably in the 
presence of a tertiary amine sudi as pyridine 
or triethylamine. A substantial excess of the 

20 anhydride should be used, preferably 10 to 
10,000 moles of anhydride per mole of the 
hydroxy compound reactant. The excess an- 
hydride serves as a reaction diluent and sol- 
vent An inert organic diluen^ for example, 

25 dioxane, can also be added. It is preferred to 
use enough of the tertiary amine to neutralize 
the carboxylic add produced by the reaction, 
as well as any free carboxyl groups present in 
tiie hydroxy compound reactant 

30 The carboxyacylation reaction is preferably 
carried out in the range 0° to 100° C. The 
necessary reaction time will depend on such 
factors as the reaction temperature, and the 
nature of the anhydride and tertiary amine 

35 reactants. With acetic anhydride, pyridine, and 
a 25° C reaction temperature, a 12 to 24- 
hour reaction time is used. 

The carbox;^cylated product is isolated 
from the reaction mixtiure by conventional 

40 methods. For example, the excess anhydride 
is decomposed with water, and the resulting 
mixture addified and then extracted widi a 
solvent such as diethyl ether. The desired 
carboxyacylate is recovered from the diethyl 

45 erfier extract by evaporation. The carboxy- 
acylate is then purified by conventional 
methods, advantageously by chromatography. 

The formula I, IT, or III adds (R,=: 
hydrogen) are traiaformed to pharmacologic- 

50 ally acceptable salts by neutralization with 
appropriate amounts of the corresponding in- 
organic or organic base, examples of which 
correspond to the cations and amines listed 
above. These transformations are carried out 

55 a variety of procedures known in the art 
to be generally useful fw- the prqiaration of 
inorganic i.e., metal or ammonitmi, salts, 
amine add addition salts, and quaternary 
ammonium salts. The choice of procedure de- 

60 pends in part upon the solubility character- 
istics of the particular salt to be prepared. In 
the case of the inorganic salts, it is usually 
suitable to dissolve the formula I, II, or III 
add in water containing the stoichiometric 
65 amount of a hydroxide, carbonate, or bicarbon- 



ate corresponding td^Hnorganic salt desired. 
For example, sudi us&of sodium hydroxide, 
sodium carbonate;, or sodmm bicarbonate gives 
a solution of the s dium salt of tiie prostanoic 
add derivative. Evaporation of tfie waisr or 70 
addition of a water-misdble solvent of moder- 
ate polarity, for example, a 1 wer alkanol or 
a lower alkanone, gives the soKd inorganic salt 
if that f rm is desired. 

To produce an amine salt, the formula I, 75 
n, or II acid is dissolved in a suitable solvent 
of ddier moderate or low polarity. Examples 
of the former are ethanol, acetone, and ethyl 
acetate. Examples of the latter are diethyl 
ether and benzoie. At least a stoichiometric go 
amount of the amine corresponding to the 
desired cation is then added to diat solution. 
If the resulting salt does not predpitate, it 
is usually obtained in solid ftran by addition 
of a misdble diluent of low polarity or by 35 
evaporation. If the amine is relativdy volatile, 
any excess is easily removed by evaporation. 
It is preferred to use smidiiometric amounts 
of the less volatile amines. 

Salts wherein the cation is quaternary 90 
ammonium are produced by mixing the 
formula I, II, or III acid widi the stoichio- 
metric amount of ttie corresponding quaternary 
ammonium hydroxide in water solution, fol- 
lowed by evaporation of the water. 95 

Also in British Patent Specification No. 
1,198,071 there is described and daimed an 
optical^ active compound of the formula: 




vrfierein is a generic expression denoting an 100 
alpha or beta configuration for the attached 
moiety, R,i is hydrogen, alkyl of 1 to 8 car- 
bon atoms, indusive, (ydoalkyl of 3 to 10 
carbon atoms, indusive, arall^l of 7 to 10 
carbon atoms indusive, phenyl, or phenyl sub- 105 
stituted by 1 to 3 chloro or alkyl of 1 to 4 
carbon atoms, indusive, Ra is hydrogen or alkyl 
of 1 to 8 carbon atoms, indusive, Ra and R* 
are hydrogen or alkyl of 1 to 4 carbon atoms, 
indusive, and CJita is alkylene of 1 to 8 hq 
carbon atoms, indusive, and pharmacologic- 
ally acceptable salts thereof when Ri is hydro- 
gen, exduding the compounds known as 
PGFi„ and PGF,^ and their salts and esters; 
a compound of the above formula wherein 115 
CnHso is hexamethylene; a compound of tiie 
above formula wherein R, is hydrogen; a 
compound of the above formula wherein lU is 
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hydrogen; a JHRund of ihe above fomula 
wherein R: isTSyl of 1 lo 4 carbon atoms 
inclusive; a compound of ihe above formula 
wherein R, is mediyl; a compound of the 
5 above formula wherein Ri is hydrogen; a 
compound of the above fonnuk wherem uie 
— Q.H-.„— COOR, moiety is attached in alpha 
configuration and a compound of the above 
formula wherein the —OH adjacent to the 
10 — -CaH;„ — COORi is attached in beta con- 
figuration. 

The invention is more fully understood by 
the following examples. 

Example 1 

15 i.t-nor-PGF.j (formula I: Ri, Rj, and 
H, m=0, Z=— CHXH,— ). 
A suspension of sodium borohydnde (900 
mg.) in 100 ml. of methanol at 5° to 10^ C is 
added gradually with stirring during 2 minutes 

20 to a solution of ..-nor-PGE,. (300 mg.) in 30 
ml. of methanol at 0" to 5" C Stirring is 
continued at 0' to 5" C for 20 minutes. The 
reaction mixture is then allowed to warm to 
25^ C, and is stirred at that temperature for 

25 one hour. The resulting mixture is then con- 
centrated by evaporation to 2/3 of its original 
volume, mixed with 25 ml. of water, and 
evaporated further to remove the methanol. 
The aqueous solution which results is acidilied 

30 with dilute hydrochloric acid and extracted 
three times with diethyl ether. The diethyl 
ether extracts are combined, washed with 
water, dried, and evaporated to give a mix- 
ture of the beta and alpha epimers of .-nor- 

35 PGF,. . . , 

The mixture of epimeric acids is subjected 
to reversed phase partition chromatography on 
silanized diatomaceous eanh (Gas Chrom 
CLZ 100/120 mexh, a product of Applied 

40 Science Labs., State College, Pa.), using 
methanol-waier (516 ml.— 684 ml.) as the 
mobile phase and isoocianol-chloroform (60 
ml— 60 ml.) as the stationar>- phase. The 
column support (500 g.) is. mixed with 45 

45 ml. of stationary phase, and is then packed 
into column form as a slurry with mobile 
phase. The mixture of epimeric ..-nor-PGF:; 
acids is dissolved in 15 ml. of siationar>' phase 
and mixed with an additional 12 g. of the 

50 column suppon. The resulting slurry is poured 
on to the column. The column is then eluted 
with mobile phase, 50-mI. fractions of eluate 
being coUeaed. The eluate fractions contain- 
ing the beta epimer, as shown by smooth 

55 muscle assays, are combined and evaporated 
to give f>- nor-PGF;;,;. 

Following the procedure of Example 1, but 
usmg in place of the ..-nor-PGE^^-nor- 
PGE„ ..»-nor-dihydro-PGE„ ...-nor-PGE„ 

60 homo-PGE„ ..»-homo-PGE,., ^^homo-dIhydro- 
PGE„ ...-homo-PGE-r., the methyl esters of 
each of those and also of .o-nor-PGE,-, the di- 
aceiates of each of those and also of *.<-nor- 
PGE , and the methyl cstor diacet.iics of each 



of those and^Bof w-nor-PGE„ there are 
obtained ""nof^Fjfl, oh-nor-dihydro-PGF„„ 
..-nor-PGFjy, <.)-homo-PGFis, <tf-homo-PGF,..^ 
,.,-homo-dihydro-PGF,,o, w-homo-PGFs/i, the 
methyl esters of each of those PGF,} analogues 
and also of 'o-nor-PGF.,,, the diacetates of 70 
each of those PGFi analogues and also of 
...-nor-PGF . 1, and the methyl ester diacetates 
of each of those PGF„ analogues and also of 
...-nor-PGF-..,:, respectively. 

Example 2 75 
...-nor-PGF.M methyl ester (formula I: 
R,=methvl, R. and Rr=H, m=:0, 
Z=— CH,CH,.— ). 

..>-nor-PGF..; (10 mg.) is dissolved in a mix- 
ture of methanol and diethyl ether (1 : 1). A 80 
diethvl ether solution of diazomeihane (1 g.) 
is added, and the mixture is allowed to stand 
at about 25° for 5 minutes. The reaction 
mixture is then evaporated to drjTiess to give 
the methyl of <...nor-PGF-. 85 

Following the procedure of Example 2 but 
using in place of diazomeihane, diazoethane, 
diazobutane, and l-diazo-2-ethyl-hexane, there 
are obtained the ethyl, butyl, and 2-ethylhexyl 
esters, respectively. ■ 

Also following the procedure of Example 
2, ..-nor-PGF,/!, ..-nor-dihydro-PGF, w-nor- 
PGF,,, ...-homo-PGFn, <->-homo-PGF../„ "- 
homo-dihydro-PGF„7» .-homo-PGF.i.,, the di- 
acetates and triacetates of each of those and 95 
also of ...-nor-PGF,;i, are each transformed 
to the corresponding methyl, ethyl, butyl, and 
2-eihyIhcxyl esters. 
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Example 3 

...-nor-PGF-: triacetate (formula I: R,=H, 100 
R. and R,=acetyl, m=0, 
' Z=— CH-.CH,— ). 
...-nor-PGF .,, (10 mg.) is mixed with acetic 
anhydride (3 ml.) and pyridine (3 mlX and 
the mixture is allowed to stand at 25 C. for 105 
18 hours. The reaction mixture is then cooled 
with ice, diluted with water, and acidified 
with dilute hydrochloric acid to pH 1. The 
mixture is then extracted three times with di- 
ethyl ether. The diethyl ether extracts are UO 
combined, and washed successively with dilute 
hj-drochloric acid, dilute aqueous sodium bi- 
carbonate solution, and water. The diethyl 
ether is then evaporated to give "-nor-PCF. j 

triacetate. . , ^ 

Following the procedure of Example 3, but 
replacing the acetic anhydride with propionic 
anhydride, isobutyric anhydride, and hexanoic 
acid anhvdride, the corresponding tricarboxy- 
acyl derivatives of --nor-PGFif, were obtained. 120 

Also following the procedure of Example 
3, ...-nor-PGF ..»-nor-dihydro-FGF,/j, o.-nor- 
PGF.,~, <.>-homo-PGF,/), to-homo-PGF^fl, «■.- 
homo-dihydro-PGF„„ f.-homo-PGF- and die 
methyl esters of each of those and also of 125 
...-nor-PGF: arc each transformed to the cor- 
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responding triacetat^^Hpropionates, triiso- 
butyrates, and triheica^ratts. 

Also following the procedure of Example 
3, the diacetates of u-nor-PGFug, «>-nor-di- 
hydro-PGFia, cj-nor-PGF.^, w-nor-PGFsB, 
homo-dihydro-PGFj,j, o>-homo-PGFi,;, <■»- 
homo-PGFo,;, and M-homo-PGFja are each 
traasfonned to the corresponding triacetates, 
propionates-diaoetates, butyrate-diacctates, and 
hexanoate-diacetates. 



Example 4 
i.t-nor-PGFi;j sodium sail (Formula I: 
Ri=Na% and Rn=H, m=0, 
Z=— CH,CH,— ). 
..»-nor-PGF.,7 (10 mg.) is dissolved in 10 
ml. of waier-ethanol (1:1). The sohjtion is 
cooled to about ICC, and is neutralized with 
an equivalent amoimt of 0.1 N aqueous sodium 
hydroxide solution. Evaporation to dryness 
gives w-nor-PGF:;,; sodium salt. 

Following the procedure of Hsample 4 but 
using potassium hydroxide, calcium hydroxide, 
leiramethylammonium hydroxide, and benzji- 
trimethylammonium hydroxide, in place of 
sodium hydroxide there are obtained the cor- 
responding salts of (•>-nor-PGFo3. 
Also following the procedure of Example 

4, each of the odier PGFp analogues and the 
diacyl and triacyl PGF,. analogues mentioned 
above are transformed to the corresponding 
sodium, potassium, calcium, tetramethyl- 
ammonium, and benzj'Itrimechylammonium 
salts. 

Example 5 
»-.-nor-dihydro-PGF,^ (formula III: 
R,, R:, and R^^H, p=3). 

A solution of f)-nor-PGF,fl (100 mg.) in 
8 ml. of ethyl acetate is shaken with hydrogen 
at about one atmosphere pressure and 25' C 
in the presence of 5% palladium on charcoal 
(15 mg.). One equivalent of hydrogen is 
adsorbed in about 100 minutes. The hydro- 
genation is stopped, and the catalyst is re- 
moved by filtration. Evaporation of rfie filtrate 
gives a gummy residue which is diromato- 
graphed on silica gel with ethyl acetate and 
hexane (3: 1) to give w-nor-dihydro-PGF,-. 

Following the procedure of Example 5, €*- 
nor-PGFjfl and o-nor-PGpM are each trans- 
formed to «»-Dor-dihydro-PGFi/;, using 2 and 
3 equivalents of hydrogen, respectively. 

AJso following the procedure of Example 

5, w-homo-PGFi/j, "i-homo-PGFajj and «>- 
homo-PGFjs arc each transformed to co-homo- 
dihydro-PGFirt, using one, 2, and 3 equiva- 
lents of hydrogen, respectively. 

Also following the procedure of Example 
5 and using the appropriate amount of hydro- 
gen, each of the unsatura^ alkyl esters and 
di- and trialkanoates mentioned above is trans- 
formed to the corresponding dihydro-PGF,fl 
analogue. 



e+-nor-dihydro-PGF,ri (formula III: 
R„ R=, and Rs=H, p=3). 
w-nor-PGFifl (50 mg.) is dissolved in 10 
mL of absolute edianol. Air is flushed from 
the reaction vessel witii a stream of dry nitro- 
gra gas, and is excluded thereafter by main- 
tainmg a sK^t positive pressure of nitrogen 
in the reaction v«sel. A suspension of 50 mg. 
of disodiura azodiformatc in 5 mL of absolute 
cthanol is added, and the resulting mixture 
is stirred at about 25° C. and made acid with 
a few drops of glacial acetic acid. Stining 
at 25* C is continued for 8 hours. The re- 
action mixture is then evaporated to dryness. 
The resulting residue is dissolved in a mix- 
ture of diethyl ether and water. The diethyl 
ether layer is separated, dried with anhydrous 
sodium sulfate, and evapcratul at reduad 
pressure to give w-nor-dihydro-POFi^ with 
substanually the same propreties as the 
material prepared according to Example 5. 

Following the procedure of Example 6, each 
of the unsaturated PGF^ analogues reduced 
according to the procedure of &£ample 5 is 
also reduced according to the procedure of 
Example 6 to give the corresponding di- 
hydro-PGFjc analogue with substantially the 
same properties as the materials prepared 
according to Example 5. In diose reductions, 
amounts of disodium azodiformatc appropriate 
to the number of carbon-carbon double bonds 
are used. 

WHAT WE CLABl IS : — 
1. A compound of the formula' 



it a 

N, / 



wherein Ri is hydrogen, alkyl of one to 8 
carbon atoms, inclusive, or a pharmacologic- 
ally acceptable cation, R- and R3 are hydro- 
gen or alkanoyl of one to 8 carbon atoms, in- 
clusive, with the proviso that when Ks is 
alkanoyl, R. is also alkanoyl, m is zero or 2, 
and Z is — CH,CH^ or cij— CH=CH— . 

2. A compound according to claim 1 where- 
in Rt, R., and R3 are hydrogen. 

3. A compound according to claim 2 where- 
in Z is — CH-CHs— . 

4. A compound according to claim 3 where- 
in m is zero. 

5. A compound according to claim 3 where- 
in m is 2. 
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6. A comJiPB according to claim 2 where- 
in Z is cis— -CH=CH — . .... 

7. A compound according to claim 6 wtiere- 

in m is zero. , • u 

8. A compound accordmg to claim t wnere- 

in m is 2. 

9. A compound of ihc fonnula: 




wherein Ri is hydrogen, alkyl of one to 8 car- 
bon atoms, inclusive, or a pharmacologically 
acceptable cation, and R,. and R3 are hydrogen 
or alkanoyl of one to 8 carbon atoms, inclusive, 
with the proviso that when R3 is alkanoyi, R- 
is also alkanoyi and p is 3 or 5. 

10. A compound according to claim 9 
wherein Ri, Rs, and R3 are hydrogen. 

11, A compound of the fonnula: 



wherein R, is hydrogen, alkyl of one to 8 car- 
bon atoms, inclusive, or a pharmacologically 
acceptable cation, and R.. and R3 are hydro- 
gen or alkanoyi of one to 8 carbon atoms, in- 
clusive, with the proviso thai when R^ is 
alkano5-l, Rj is also alkanoyi, and p is 3 or 

12. A compound according to claim 1 1 
wherein R., R;> and R3 are hydrogen. 

13. A compound according 10 claim J- 

wherein p is 3. , - n 

14. A compound according to claun u 

wherein p is 5. . 

15. A process for producing a compouna 01 

the formula: 



"Tlx 



CP, 



wherein R- and Rj arc hydrogen or alkanoyi 
of one to 8 carbon atoms, inclusive, with the 
proviso that when R. is alkanml, R, is also 



alkanoyi, R^Piydrogen or alkyl of one to 
8 carbon atoB!^ inclusive, and p is 3 or 5, 
which comprises reducing the carbon-carbon 
double bonds of a compound of die formula: 



5,0 




B,0 



wherein R„ R„ and R, are as de&Kd above, 
m is zero or 2, and X is trans — CH— CH — 
and Y and Z are — CHiCHs— , or X is 
trans— CH=CH—, Y is cis— CH=CH— , 
and Z is — CH^CH,— or cij^H=CH— . 

16. A process for producing a compound 
of the formula: 



EO 




R.0 



wherein R, is hydrogen or alkanoyi of one to 
S carbon atoms, inclusive, R, is hydrogen or 
alkyl of one to 8 carbon atoms, inclusive, m 
is zero or 2, and Z is — CH2CH2 — or 
cis— CH=CH— , which comprises reducing 
the caibonyl group of a compound of the 
formula : 



H K 




40 



45 



50 



55 



wherein R,, R„ m, and Z are as defined above. 

17. A process for producing a compound 60 
of the formula: 



11 
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wherein is hydro^^^ alkanoyl of one to 
8 carbon atomsj mctSI^ R« is hydrogen or 
alkyl of one to S carbon atoms> and p is 3 
or 5 inclusive, which comprises reducing the 
carbonyl group of a compound of the 
formula ; 




11,6 



wherein R« and^^Hb as defined above. 

18. A process for tfi^peparatton of a com- 
pound as claimed in any of claims 1 to 14 
substantially as herein described widi reference 
to the Examples. 

19. A compoimd as claimed in any of claims 
1 to 14 when prepared by a process as claimed 
in claims 15 xo 18. 

20. A therapeutic composition comprising 
as the active ingredient a compound as claimed 
in any of claims 1 to 14 or 19 together with 
a phaimaceutically acceptable carrier. 

For the Applicants: — 
GILL, JENNINGS & EVERY, 
51 — 52 Chancery Lane^ 
London, W.C2. 
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